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INTRODUCTION 

I n  conversion processes i n  o i l  r e f i n i n g  LPG (C3 and C 4 )  are  formed as byproducts. 
When c a t a l y t i c  crack ing i s  used t h e  LPG w i l l  have a h igh content  o f  unsaturated 
components. The low  p r i c e  o f  the LPG, compared t o  gasol ine,  makes o l i gomer i za t i on  
o f  t he  molecules i n  LPG wor thwhi le  f o r  t he  i ndus t r y .  There are ma in l y  two processes 
used i n  t h e  r e f i n e r i e s  f o r  t h i s  purpose. 
h y d r o f l u o r i c  ac ids are employed and i n  t h e  other  process phosphoric a c i d  on s i l i c a  
o r  d ia tomer ic  ear th .  I n  the  r e f i n i n g  i ndus t r y  t h e  l a t t e r  process i s  normal ly  c a l l e d  
polymer izat ion,  although d imer i za t i on  i s  t he  dominating and most wanted reac t i on .  
I n  the  a l k y l a t i o n  process iso-butene i s  reacted w i t h  e i t h e r  propane o r  butane. I f  
using the  l e s s  s t rong  phosphoric acid,  two alkenes must be used as reac tan ts  and a t  
a h igher  temperature. 
stream process ing and the re fo re  g ives l e s s  severe co r ros ion  problems than w i t h  
a l k y l a t i o n  (1). 

I n  a l k y l a t i o n ,  l i q u i d  su lphu r i c  o r  

The mounted phosphoric a c i d  c a t a l y s t  leaks l e s s  a c i d  t o  down- 

The chemistry o f  the o l i gomer i za t i on  can be shown as: 

C = C - C  t H* C - C ' - C  

c - c t - c  t c = c - c  + ; :c-I!:;  
p c - t : ;  + - H +  + C6HI2 - I s m r s  

The formed carbonium ions and hexenes can reac t  f u r t h e r  t o  t r i m e r s  and h igher .  The 
phosphoric ac id  on s i l i c a  c a t a l y s t  i s  a l so  an important c a t a l y s t  f o r  t he  product ion 
o f  petrochemical intermedates l i k e  nonene and a1 kylaced aromates. 

The t r a d i t i o n a l  method o f  producing the mounted phosphoric ac id  on s i l i c a  i s  t o  
s t a r t  f rom k i e s e l  guhr and phosphoric ac id .  The water content  o f  t he  phosphoric 
ac id  should be l ow  so t h a t  t he  f i n a l  c a t a l y s t  conta ins 65-70% by weight  o f  P2O5. 
The m ix tu re  i s  extruded o r  b r i cke t ted ,  dr ied,  ca l c ined  and f i n a l l y  hydrated t o  a 
p re fe r red  l e v e l ,  usua l l y  w i t h  steam. There are several  proposals i n  t h e  patent  
l i t e r a t u r e  t o  improve the  mechanical s t reng th  o f  t he  f i n a l  product. 
t o  steam t r e a t  t h e  m ix tu re  before ex t rus ion  (2).  It i s  a l so  poss ib le  t o  add 
bentonite, mon tmor i l l on i te ,  h a l l o y s i t e ,  o r  o ther  compounds t o  the  m ix tu re  before 
ext rus ion.  The a c i d i t y  o f  t he  c a t a l y s t  can a lso be reached by us ing an aluminum 
s i l i c a t e  o r  z e o l i t e  instead o f  t he  above mentioned acids.  
can be rep laced by a s i l i c a  hydrogel (3,4). Recently Bernard e t  a1 (5 )  proposed t o  
ext rudate the  s i l i c a  c a r r i e r  be fo re  impregnating the  phosphoric ac id .  L i t t l e  
i n t e r e s t  has been shown i n  the  development o f  new o r  improved c a t a l y s t s  f o r  
o l i gomer i za t i on  o f  propene and butene i n  the  recent  l i t e r a t u r e .  I t  i s  the re fo re  o f  
i n t e r e s t  t o  use modern a n a l y t i c a l  instruments t o  exp la in  and improve t h e  ca ta l ys t .  
I n  t h i s  paper, an improved c a t a l y s t  based on mounted phosphoric ac id  on s i l i c a  w i l l  
be presented. 

One method i s  

The k i e s e l  guhr c a r r i e r  
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EXPERIMENTAL 

The used s i l i c a  c a r r i e r s  were spheres w i t h  a diameter o f  2.2 mm, received from Shell 
Corp. i n  London. 
presented. 
(Sweden) and the  iso-bu tene from AGA Gas Ltd.  (Sweden). 

The c a t a l y s t s  were made by combining the  f o l l o w i n g  steps i n  d i f f e r e n t  sequences: 
lmoreqnation w i t h  phosphor ic a c i d  o f  42% by weight o f  P2O5 o r  o t h e r  concentrat ions 
i f  ind ica ted .  a t  17OoC f o r  5 hrs.  and c a l c i n i n  i n  a m u f f l e  furnace f o r  4 
h rs .  a t  var ious temperatures. Some c a t a l y s t s  were s t e k e d  a t  100°C i n  100% steam. 

Test ing o f  the  a c t i v i t y  o f  the c a t a l y s t s  was done i n  a 23 cc s t a i n l e s s  s t e e l  reac tor  
w i t h  iso-butene i n  vapour phase. A constant con tac t  t i m e  o f  1.00 h r .  was maintained 
i n  a l l  experiments by measuring and c o n t r o l l i n g  the  i n l e t  f low.  I n  Figure 1, a 
simple f l o w  diagram o f  t h e  r e a c t i o n  system i s  presented. 
gas f l o w  were kept  cons tan t  a t  16OoC, 1 atm and 12.5 g o f  iso-butene per  hour, 
respec t ive ly .  
and t h e  amount of iso-butene feed. 
de tec tor  and the  s imu la ted  d i s t i l l a t i o n  was made according t o  ASTM 02887-3. 
pore volume and sur face  area were measured w i t h  Mic romer i t i cs  D ig isorb  2600. 

I n  Table 1, more d e t a i l s  o f  pore volumes and pore s izes are 
The phosphor ic a c i d  used was o f  p ro  ana lys i  q u a l i t y  form Kebo Lab. 

Temperature, pressure and 

The y i e l d s  were determined by measuring t h e  weight o f  l i q u i d  products 
The l i q u i d  products were analyzed on GC w i t h  FID 

BET 

RESULTS AND DISCUSSION 

I n  Table 2, the  BET sur face  area and pore volumes o f  t h e  s i l i c a  spheres used are 
presented. The pore volume determined w i t h  the  BET method i s  considerably d i f f e r e n t  
f r o m  t h e  pore volumes presented by the manufacturer o f  the  s i l i c a  spheres (Table 
1). 
method. 

Impregnation o f  t h e  s i l i c a  sphere I w i t h  d i f f e r e n t  a c i d  concentrat ions fo l lowed by 
dry ing  a t  17OoC, d i d  n o t  e f f e c t  the  i n i t i a l  a c t i v i t y  o f  the  f i n a l  c a t a l y s t .  
However, a f t e r  20 h rs .  o f  experiment, c a t a l y s t  produced by impregnat ing h igher  
concentrat ions o f  phosphor ic a c i d  showed a lower conversion (Table 3). I n  s p i t e  o f  
t h i s  it i s  important t o  use a h igher  concent ra t ion  o f  t h e  a c i d  i n  order t o  reach a 
P2O5 concent ra t ion  o f  65-70% i n  t h e  f i n a l  c a t a l y s t .  On the  o t h e r  hand, t o o  h igh  a 
v i s c o s i t y ,  which i s  found i n  concentrated phosphoric acid,  reduces the impregnation 
speed. 

I n  F igure  2, the  conversion as a func t ion  o f  t ime i s  presented f o r  th ree  d i f f e r e n t  
c a t a l y s t s  produced from t h e  th ree  d i f f e r e n t  s i 1  i c a  spheres by the  same procedure. 
Ca lc ina t ion  was done a t  425OC. The c a t a l y s t  produced from s i l i c a  spheres 111, w i t h  
both l a r g e r  pores and pore volume compared w i t h  s i l i c a  spheres 11, g ives  t h e  h ighes t  
a c t i v i t y .  The conversion was 78% a f t e r  20 hrs .  o f  experiment. 
produced from s i l i c a  sphere 11, g ives  a b e t t e r  conversion than does the c a t a l y s t  
produced from s i l i c a  sphere I .  
l a rge  average pores and l a r g e  pore volumes. 

I n  F igure  3 the  e f f e c t  on a c t i v i t y  o f  c a l c i n i n g  a t  35OoC and 425OC i s  presented. 
The h i g h e r  temperature g ives  a lower a c t i v i t y  and c a l c i n i n g  a t  35OoC gave a c a t a l y s t  
w i t h  a conversion o f  97,6%. 
an experiment o f  over 70 hrs .  I n  a separate experiment s i l i c a  spheres were ca lc ined 
a t  55OoC, before impregnat ion w i thout  a f f e c t i n g  t h e  conversion o f  the  f i n a l  product.  
Ca lc in ing  a f t e r  impregnat ion e f f e c t s  the b ind ings  between phosphor ic a c i d  and t h e  

The main d i f f e r e n c e  i s  probably due t o  macro pores n o t  de tec ted  by the  BET 

The c a t a l y s t  

Thus the s e l e c t i o n  o f  s i l i c a  c a r r i e r  should be; 

This c a t a l y s t  a lso  maintained t h e  conversion l e v e l  i n  
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s i l a n o l  groups and dehydrat ion o f  the phosphoric ac id .  As no e f f e c t  o f  c a l c i n i n g  a t  
55OoC before impregnation was noted, t h e  s i l a n o l  groups o f  the s i l i c a  remained 
i n t a c t .  I f  o n l y  one impregnation i s  c a r r i e d  out,  the  a c t i v i t y  o f  the  f i n a l  c a t a l y s t  
drops q u i c k l y  a f t e r  a few hours o f  the experiment (Table 3). When water i s  added i n  
the feed, o r  the  c a t a l y s t  i s  wetted w i t h  water, t h e  a c t i v i t y  r i s e s  again f o r  a short  
per iod.  This i n d i c a t e s  t h a t  the  phosphoric a c i d  bound t o  the s i l i c a  i s  n o t  as 
ac t ive  as f r e e  a c i d  i n  t h e  c a t a l y s t .  It i s  probably due t o  the  f a c t  tha t ,  bound acid 
does n o t  have the  same capac i ty  t o  r e t a i n  water as f r e e  acid.  
o f  water content i n  the  feed makes the  c a t a l y s t ,  which has been impregnated once 
only, imprac t ica l  f o r  commercial use. 

I n  Figure 4 t h e  a c t i v i t y  o f  commercial c a t a l y s t  i s  p l o t t e d  as a f u n c t i o n  o f  t ime. 
The ground c a t a l y s t  shows a much h igher  conversion r a t e  (66%) a f t e r  20 h r s  of 
experiment than t h e  unground c a t a l y s t  (18%). I n  t h e  small r e a c t o r  used, t h e  
unground c a t a l y s t  w i l l  g i v e  l a r g e  w a l l  e f f e c t s  due t o  the small dimensions o f  the 
reac tor .  
c a t a l y s t s  produced i n  t h i s  study. I n  the produc t ion  o f  gaso l ine  a dimer o r  t r i m e r  
i s  wanted, w h i l e  the  fo rmat ion  o f  tetramers i s  no t  wanted s ince  they normal ly f a l l  
ou ts ide  the  gaso l ine  b o i l i n g  range. 
i n  Table 4 .  For c a t a l y s t s  w i t h  h i g h  conversions, the  fo rmat ion  o f  tetramers i s  a lso  
high. The c a t a l y s t  ca lc ined a t  35OoC shows an acceptable s e l e c t i v i t y  (dimer + 
t r i m e r  = 96%) and a t  the  same t ime conversion 98%. The unground commercial c a t a l y s t  
shows 4.3% tetramers i n  the  l i q u i d  wh i le  the ground c a t a l y s t  o n l y  shows 2.8%. The 
higher product ion of tetramers i s  probably an e f f e c t  o f  l a r g e  pore d i f f u s i o n  times 
o f  the pr imary dimer i n  t h e  unground c a t a l y s t .  
same p a t t e r n  as t h e  y i e l d  o f  tetrameres. 

CONCLUSIONS 

A high a c t i v i t y  o l i g o m e r i z a t i o n  c a t a l y s t  based on phosphoric a c i d  on s i l i c a  has been 
produced by impregnat ion of s i l i c a  spheres. 
more b e t t e r  than c a l c i n i n g  a t  450oC o r  on ly  d r y i n g  a t  170oC. The c a t a l y s t  has a low 
s e n s i t i v i t y  t o  water concent ra t ion  i n  the feedstock provided i t  has been impregnated 
tw ice  with c a l c i n a t i o n  between. 
impregnation i s  h igher  than t h a t  of t h e  commercial c a t a l y s t s  used i n  t h i s  study. 
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I D  Pore Volume 
ml/g 

Average Pore 
Size, Angstroms 

Table 1. S i l i c a  spheres. Proper t ies  according t o  manufacture. 

I 
I 1  
111 

1 .o 
1 .o 
1 . 3  

300 
600 
600 

Table 2. S i l i c a  spheres. A n a l y t i c a l  r e s u l t s .  

I D  Pore volume 
BET ml/g 

Bulk D n s i t y  9 Sur ace Area 
m $ /g g/cm 

I 
I 1  
I 1 1  

0.95 
0.77 
0.72 

79 
62 
60 

0.43 
0.40 
0.36 

Table 3. 
experiment w i t h  iso-butene. 
i n  one s tep  w i t h o u t  c a l c i n a t i o n .  

Conversion expressed as weight percent conversion a f t e r  20 hrs.  o f  
Impregnation w i t h  d i f f e r e n t  a c i d  concentrat ions 

% P2O5 Conversion 

6 
11 
21 
42 
a5 

20 
22 
17 
6 
9 
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Table 4 .  Selectivities 

Time on Weight % in Conversion 
Catalyst Stream Liquid Weight % 

h di- tri- tetra- 

Spheres 111, calc 425 3 74.9 2 2 . 1  3 . 0  88 .6  
Spheres 111, calc 425 23 84 .0  14.9 1 . 1  79.6 
Spheres 111, calc 425 47 84 .4  14 .6  1 . 0  79.6 
Spheres 111, calc 350 27 73 .3  22.7 4 . 0  9 7 . 6  

Commercial unground 49 68 .5  27 .2  4 . 3  16.9 
Commercial ground 49 76 .5  20 .7  2 . 8  65 .4  

iso-Butene 
feed 

Reactor 

Product 

Figvrc I. Simple flow diagram 01 reaction SYrtcm. 
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